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ADVANCED SILICON SHEET N86 -293¢ 7

ANALYSIS OF HIGH-SPEED GROWTH OF SILICON SHEET
IN INCLINED-MENISCUS CONFIGURATION

MASSACHUSZTTS INSTITUTE OF TECHNOLOGY g

P. D. Thomas
R. A. Brown

Goals
Use Two-DiMensioNAL THERMAL-CAPILLARY MoDEL
TO IDENTIFY RATE AND PROCESSING '.IMiTS FOR
GROWTH OF THIN SILICCN SHEETS,

ResuLTs FoR VERTICAL AND INcLInNED Di1E-DEFINED
GROWTH SYSTEMS

TR 3
PRECEDG PAGE BLANIC NOT Fiih.d 3

575




R O X iy
A AT 2 ' A oSNNS

" N 1
T axes M

ADVANCED SILICON SHEET
Important Results

1. MaxiMuM GRowTH RATE IN VERTICAL SYSTEM IS SET

BY THERMAL-CAPILLARY LIMIT BEYOND WHICH STEADY
GROWTH IS iMPOSSIBLE

® LiMITs GRowTH RATE IN Die-DerINeD SysTems
(EFG)

® OF SECONDARY IMPORTANCE IN FREE-MENIScus
GeoMeTRIES (DENDRITIC WEB,EDGE-SUPPORTED)

2. VERTICAL GROWTH Is QUALITATIVELY MODELLED BY
ONE-DIMENSTONAL HEAT TRANSFER
® LATERALLY UNIFORM TEMPERATURE
ALMOST FLAT MeLT/CRYSTAL INTERFACE

3, ONe-DIMENSIONAL MopeL 1s VALID For A WiIDE RANGE
oF AMBIENT CONDITIONS

4, THERMAL-CAPILLARY LIMITS EXIST FOR INCLINED
GROWTH SYSTEMS
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ADVANCED SILICON SHEET

Thermal-Capillary Model, Heat Transfer
L* = 0.025cm, T* = 1683°K

CoNpucTION DIMINATED

K1V2T ={ (MeLT)
KZVZT - PE(VT) = 0 (CrysTAL)
bounparYy CONDITIONS

-Ne kT = Br(T-T,) + R(TH-T,%)

Ty=-15= To
Tly=n(x) = 1.0
T|Y=co= To

NKFT - NeKFT = PEST(N V)| i (x0)
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ADVANCED SILICON SHEET

Thermal-Capillary Model, Capillarity

Mentsct

| 2 H=Boly + H ) CRYSTAL

.'2 \
BounparY CONDITIONS \
MeLt

PinneD AT Die ¢o
PiNNED AT CRYSTAL

PiNNED

® STEADY STATE ANGLE, ¢ = 11

USED TO DETERMIME THE

e e el e dee B i e -

CrysTAL THICKNESS

NN

Characteristics of Isotherm/Newton Method
® GALERKIN/FINITE-ELEMENT APPROXIMATIONS TO
— TEMPERATURE FI1ELD IN EACH PHASE
— MeLT/CRYSTAL INTERFACE SHAPE

— MeL1/6GAs MeNiscll

® SIMULTANEOUS CONVERGENCE IN ALL VARIABLES
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ADVANCED SILICON SHEET

Mapping from Real Coordinates to a Unit Domain

_ 2
} MAPPING
I
1 I)
X=§&f(l)
Lg Y = h€)-(n-1LLg-h(£)] I
I h({)\ o “> =
| 3 X=£€f(n) -
$ f(n) =
 y n Y =nh(£) ':)Lt I
X 3
)
m
L3 B118 X = &(L;+L2)
_L Y = nlLj
.y
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ADVANCED SILICON SHEET
Sample Result f.r Die-Defined System

V=15 cM/MIN
UNIFORM AMBIENT , Tp= 0.2 (340°K)

IsoTHERMS 5° APART

13. I T
12. — —
10. 4 7
1. 7
0.0 £ ol.s :l.o 4

® UNIFORM IsoTHERMS POINT TO 1D TEMPERATURE FIELD
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Maximum Growth Rate in Die-Defined System is Determined
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ADVANCED SILICON SHEET

One-dimensional model is based on:

LATERALLY AVERAGED TEMPERATURE

T(y) = T(x,Y)

AT X = 1

ConbucTiON DOMINATES OVER RADIATION

BER Pe

PECLET N

R

K

= ErrecTive HsAT TRANSFER COEFFICIENT
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ADVANCED SILICON SHEET

8.0

Funneled Quickly Enough from the Melt into the Crystal

At the Limit Point, the Sensible Heat Cannot be

Y 4.0}~

2.0~

0.0

A2

=

N__ (®
/

Y

-1.0

PECLET NUMBER Pe

1.05 T

Q
<]

TEMPERATURE
(=]

w0

v
T

0.90 1

e Melting Moint

| 1

0o 1.0 20

AXIAL DISTANCE Y

30 40

Results of One- and Two-Dimensional Models
are Qualitatively Similar
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ADVANCED SILICON SHEET

How Important is the Ambient Temperature Profile?
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ADVANCED SILICON SHEET y

: Deflection of Mel/Crystal Interface is Small
(Temperature Gradient Almost Constant Except at Small Thicl:nesses)

A
! 19. ) T T T .8
" \ :
H TN
. STAL Sioe , 1.5 ewrin
§ "\ / '
! .8 s S~
) - ”. i I —— 1.0 '; :
{ i Y
s — t |
¥ g
g 8-~ 105 &
«— . ‘
{ o 1 | { 1 1 3
| -1.8 ) . ] 1 1
| Y e amiee . e e e P W |
Inclined Growth for Uniform Ambient :
T = 5°K FOR |SOTHERMS ‘
b
V=15 cw/min i
® [SOTHERMS ARE PERPENDICULAR TO
DIRECTION OF GROWTH
= , v l T l
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ADVANCED SILICON SHEET

CRYSTAL THICKNESS

1.5

| I |
V=1,5 cM/MIN
1.0} —
V =2 cM/MIN
0.5 —
0.0 | 1 |
0. 15, 30. 45.

Effect of Inclination on the Crystal Thickness

INCLINATION FROM VERTICAL , DEGREES

Summary

® Maximum GRowtH RATE IN VERTICAL AND INCLINED
SYSTEMS 1S SET BY THERMAL-CAPILLARY LIMITS

® MeLT/CRYSTAL INTERFACE 1S FLAT

®  VERTICAL OROWTH 1S QUALITATIVELY MODELLED BY
One-DimensionaL HEAT TRANSFER

585

60.





